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Introduction
Ecuador has various sources of geothermal water originating from a strong magmatic activity produced in the Quaternary Period due to the subduction of the Nazca oceanic plate under the South American continental plate [1] These sources are located in the called zone of volcanic arc of Ecuador. The aim of this study is to describe the hydro geochemistry of the hot springs used in the spas located in the Andes of Ecuador and also their behaviour, predominant ions, chemical classification and relationship with the complex geology of Ecuador, using different hydrochemical diagrams, such as Stiff, Piper and Schoeller-Berkaloff.
Materials and Methods
The samplings were taken in 34 places located along the Andes of Ecuador. The distance in sampling was about 3215 kilometres. The Sampling points can be observed in the Figure 1. 
Determination of physico-chemical parameters
Physico-chemical parameters were taken in situ for these samples. These samples were measured for water temperature with a mercury thermometer. In the laboratory of the Universidad de las Fuerzas Armadas ESPE, the pH was analysed with the usage of the pH meter model Thermo Scientific Orion 3-Star and the electrical conductivity (EC) was measured using a conductivity meter model HACH 
Figure 1. Samplings point of hot springs in the Andes from Ecuador
Anions and Cations of the first 24 samples were sent to Havoc, which is a laboratory in Ecuador, and they are by the Ecuadorian Accreditation Service. In the laboratory of environmental work from ESPE, 10 leftover samples were analysed. The concentrations of Ca 
Determination of the error rate in the variables measured in the laboratory
After obtaining the results of the analysis, a control was performed to check the error in the results by calculating the percentage of error [1] existing in the sum of anions and cations, established by APHA [2] . 
Mapping
The maps were produced using a software Arc GIS with the shape files of the Instituto Geográfico Militar in Ecuador (IGM) and the geological mapping of the Instituto Nacional de Investigación Geológico Minero Metalúrgico in Ecuador (INIGEMM). In these maps the polygonal diagrams of Stiff were added to appreciate the variation between cations and anions of the samples and the spatial arrangement of the Hydrogeochemical families.
Results and Discussions
For a better analysis and interpretation of hydrogeochemical data was divided in three zones: the north zone (Carchi, Imbabura and Pichincha), the centre zone (Cotopaxi, Napo, Tungurahua and Chimborazo) and the south zone (Cañar, Azuay and El Oro).
In the north zone the largest number of samples (20) . In the Figure 2A the Piper Diagram is represented and Figure 3 shows the Stiff Diagram. Four water families were determined in the Piper and Stiff diagrams: sodium bicarbonate, (Guachalá and El Tingo), sodium Chloride (Chachimbiro y Nangulví), sulphated sodium (Aguas Hediondas) and bicarbonate magnesium, the rest samples were characterized by their low salinity. The hot springs from Province of Pichincha are associated with the Chacana caldera located in the volcanic centre of the largest rhyolite quaternary volcanic complex of Ecuador [5] . In the province of Carchi is associated with volcanoes called Chiles (Aguas Hediondas) and the pyroclastic deposits of extinct volcanoes that exist in the Province, in Imbabura to volcanic deposits Yanahurco volcanoes (Chachimbiro) and Imbabura (Peguche). were measured in TDS (El Salado). As shown in the diagram Piper (Figure 4a ) and in the Stiff diagrams ( Figure 5 ), there are four family types. The first family is bicarbonate magnesium (Guapante and Nagsiche), probably because of the shallow water areas with a sediment accumulation [6] and a low mineralization and temperature.
The second family is magnesium sulphate (El Salado, La Virgen and Los Elenes). The third one is sodium chloride (Papallacta, Cununyaku and Jamanco).
The fourth one is bicarbonate sodium (Aluchán and Oyacachi). The hot springs in this area are located within the Cordillera Real and they are associated with the Quaternary volcanic activity of the existing stratovolcanoes characterized by their lava flows and pyroclastic basaltic to rhyolitic composition [7] . In the case of SPAS called La Virgen and El Salado (Volcano Tungurahua), Cununyaku (Chimborazo Volcano), Jamanco, Papallacta and Oyacachi (Volcanic Formation Pisayambo). ), whose high salinity is a result of the prolonged rock-water interaction and the evaporation processes, [4] . As shown in the Stiff diagrams ( Figure 7 ) and the Scholler Berkaloff graph (Figure 6B ), the most abundant ions in these samples are Na Figure 6A ) identified a family type of water: chloride sodium. This type of water is characterized by ancient deep aquifers and the remaining geology of the extinct volcanic activity of this area of Ecuador during the Miocene [8] . These waters are probably near or passing through the salt diapers [9, 10] . 
Conclusions
The hot springs in Ecuador can be divided into two groups. The first group is associated with the extinct volcanic activity produced in the Cenozoic (Oligocene, Miocene and Pliocene) and the second ).
